ABSTRACT Objectives: To investigate the relationship between the occurrence of stress fracture and premenstrual syndrome (PMS)/premenstrual dysphoric disorder (PMDD) in Japanese adolescent athletes.
INTRODUCTION
Premenstrual syndrome (PMS) is a complex constellation of mood, behavioural and physical changes that are limited to the premenstrual phase. These symptoms recover within a few days after the start of menstruation. 1 Epidemiological surveys have shown that the frequency of premenstrual symptoms is high (80-90%). 2 Approximately 5% of women experience symptoms so severe that they interfere with personal or social relationships. 3 The Diagnostic and Statistical Manual of Mental Disorders Fifth Edition (DSM-5; American Psychiatric Association 2013) has defined such a severe form of PMS as premenstrual dysphoric disorder (PMDD). 4 The precise pathogenic mechanisms of PMS/PMDD are as yet unknown, but several possible causes have been suggested, including hormonal changes, neurotransmitters, diet, stress and lifestyle. 5 Judging from the fact that the suppression of ovarian activity diminishes these symptoms, the ovarian function of patients with PMS/PMDD is normal. 6 In the past 40 years, athletic participation by women has increased dramatically, particularly at high school and collegiate levels. 7 Along with the increasing competition, intensive training has caused unique health problems for female athletes, known as the female athlete triad. 7 The triad includes a spectrum of health problems related to
Strengths and limitations of this study
▪ This is the first study on the relationship between the symptoms of premenstrual syndrome premenstrual dysphoric disorder (PMS/ PMDD) and stress fractures in athletes. ▪ A key strength of this study is that we collected data from the female athletes with regular menstruation to evaluate PMS/PMDD status precisely. ▪ It may not be possible to generalise the findings to all female athletes in Japan, but we analysed the data from female athletes who participated in authorised high school sports clubs and not elite athletes. ▪ Owing to the cross-sectional design, it is impossible to determine causality, that is, whether these risk factors were a cause or effect of stress fracture Takeda energy availability, menstrual function and bone mineral density. They show the symptoms of eating disorders, amenorrhoea and non-traumatic stress fractures. There has been extensive research on this triad at high school and collegiate levels. Among the triad components, stress fractures are one of the most serious health problems for athletes, because of the interruption caused to training and their potential to end sporting careers in extreme cases. 8 The pathogenic mechanisms of nontraumatic stress fractures are thought to stem from microdamage to the bone caused by repetitive mechanical load that goes beyond the biological capacity of the bone. 9 Risk factors for stress fractures identified in female athletes include late menarche, menstrual dysfunction, low bone density and eating disorders, which are related to the female athlete triad. [10] [11] [12] On the other hand, many female athletes experience stress fractures without these risk factors.
Many reports have documented that the premenstrual phase is associated with decreased performance, 13 but there are few reports about PMS/PMDD in athletes. Previously, we reported that PMS and PMDD are common menstrual problems in female collegiate athletes and almost half of athletes felt a negative effect of premenstrual symptoms on athletic performance. 14 15 One previous report has demonstrated that women with PMS had a significantly greater postural sway than those without PMS. This may contribute to the higher rates of injury during the luteal phase. 16 Our previous data also showed that among the PMS/PMDD symptoms in collegiate athletes, the prevalence of 'Overeating or food cravings' was very high.
14 It has been reported that eating disorders appear to be the most common psychiatric problem in athletes. 17 Several reports showed that restrictive eating patterns were associated with increased risk of stress fracture. 10 18 Restrictive eating patterns induce biased nutrition and may lead to a lowering in bone mineral density.
The aim of this study was to investigate the relationship between the risk of stress fractures and PMS/PMDD in Japanese adolescent athletes.
METHODS Ethics
The study was carried out in accordance with the principles outlined in the Declaration of Helsinki.
Study population
A school-based cross-sectional survey was conducted in December 2013 using a sample of 1818 Japanese female students who belonged to two public high schools in Sendai, the largest city in northeastern Japan. A total of 1578 students completed the questionnaire with written informed consent. We selected 506 female students who belonged to authorised high school sports clubs and were active athletes. Among these, we further selected 394 students who had regular menstrual cycles (25-38 days) without hormonal therapy.
Questionnaire
We used the Premenstrual Symptoms Questionnaire (PSQ), which was developed in our previous study, 19 to screen for premenstrual symptoms. The PSQ translates DSM-4 criteria into a rating scale with degrees of severity described in Japanese and is essentially identical to the Premenstrual Symptoms Screening Tool. 20 The PSQ asked, "Within the last three months have you experienced the following premenstrual symptoms starting during the week before menses and remitting a few days after the onset of menses?" The premenstrual symptoms listed on the PSQ are 'Depressed mood', 'Anxiety or tension', 'Tearful', 'Anger or irritability', 'Decreased interest in work, home, or social activities', 'Difficulty concentrating', 'Fatigue or lack of energy', 'Overeating or food cravings', 'Insomnia or hypersomnia', 'Feeling overwhelmed' and 'Physical symptoms such as tender breasts, feeling of bloating, headache, joint or muscle pain, or weight gain'. The PSQ also asked whether such premenstrual symptoms interfered with 'Work efficiency or productivity, or home responsibilities', 'Social life activities' or 'Relationships with coworkers or family'. The PSQ asked the students to rate the severity of premenstrual symptoms as 'Not at all', 'Mild', 'Moderate' or 'Severe'. We divided students with premenstrual symptoms into three groups: 'PMDD', 'moderate-to-severe PMS' and 'no/mild PMS' according to the criteria reported previously. 15 16 In addition to the PSQ, we asked whether such premenstrual symptoms interfered with 'Performance in training or competition'. This additional question also asked the students to rate the severity as 'Not at all', 'Mild', 'Moderate' or 'Severe'. We asked the students about their severity of pain during menses with the categories of 'Not at all', 'Mild', 'Moderate' and 'Severe'. We also asked whether such menstrual pain interfered with 'Work efficiency or productivity, or home responsibilities', 'Social life activities', 'Relationships with coworkers or family' or 'Performance in training or competition'.
We further collected additional information about their age, body weight, height, age at menarche, age at starting training, history of stress fracture diagnosed by a medical doctor, participation of national or international competition, weekly training duration and restriction of body weight. These data were also assessed using a selfreported questionnaire. Body-mass index (BMI) (kg/m 2 ) was calculated by dividing weight by height squared. Underweight was defined as BMI <18.5 kg/m 2 . Athletes were grouped into six groups: ball games, gymnastics, track, swimming, fighting sports and other sports.
Statistical analyses
Statistical analysis was performed using JMP 11.2.1 (SAS, Cary, North Carolina, USA). Data are expressed as the means±S.D. Statistical significance was set at p<0.05.
Wilcoxon signed-ranks test was applied to test the difference in interference with work, usual activities or relationships between premenstrual symptoms, and menstrual pain. Mann-Whitney's U test was applied to test the difference in prevalence of dysmenorrhoea, premenstrual symptoms and severity of PMS/PMDD. Multivariate analysis was applied to analyse the factors that were significantly associated with stress fracture. We selected school year, BMI <18.5, age at menarche, menstrual pain, age at starting training, participation in national or international competition, restriction of body weight, weekly training duration and 15 premenstrual symptoms and put these variables into the model.
RESULTS
The characteristics of the study population are presented in table 1. Considering that a quarter of the athletes participated in national or international competitions, some of these clubs have a high ranking in Japanese high school sport. Sixty-six athletes (16.8%) with regular menstrual cycles reported having experienced a stress fracture. According to the type of sport, the prevalence of stress fracture in 'Track' and 'Gymnastics' participants was high (43.5% and 31.6%, respectively; table 2).
The prevalence of menstrual pain and each premenstrual symptom is shown in table 3. More than half reported 'menstrual pain' (83.2%), 'Anxiety or tension' (67.3%), 'Anger or irritability' (63.7%), 'Difficulty concentrating' (59.4%), 'Fatigue or lack of energy' (67.5%), 'Overeating or food cravings' (64.0%) and 'Physical symptoms' (53.0%). We further compared the difference in the degree of disturbance to social and life activities by menstrual pain or premenstrual symptoms. Premenstrual symptoms disturbed 'Work efficiency or productivity, home responsibilities', 'Relationships with coworkers or family' and 'Athletic performance in training or competition' more severely than menstrual pain (p=0.031, p=0.004 and p<0.001, respectively, by Wilcoxon signed-ranks test). The 'PMDD' group consisted of 5 athletes (1.3%), the 'moderate to severe PMS' group of 35 girls (8.9%); and the 'no/ mild PMS' group of 354 girls (89.8%).
Next, we analysed the prevalence difference of menstrual pain and premenstrual symptoms with or without a history of stress fracture (table 4). The severity of 'Overeating or food cravings' and 'Physical symptoms' in athletes with previous stress fracture were much higher than those without such a history ( p=0.015 and p=0.008, respectively, by Mann-Whitney's U test). The severity of the effect on 'Performance in training or competition' in athletes with previous stress fracture was much higher than that of athletes without a history of stress fracture ( p=0.006 by Mann-Whitney's U test).
The results of multivariate analysis of the factors that were significantly associated with stress fractures are shown in table 5. 'Restriction of body weight' and 'Weekly training duration' showed an increased risk of stress fractures in athletes. Regarding premenstrual symptoms, 'Physical symptoms' were associated with an increased risk of stress fractures.
DISCUSSION
Our data showed that premenstrual symptoms impaired athletic performance in 41.1% of adolescent athletes. This rate was almost the same as that reported previously with regard to performance impairment in collegiate athletes. 14 15 In our previous report about Japanese collegiate athletes, the 'PMDD' group consisted of 5 female athletes (2.9%), the 'moderate to severe PMS' group of 15 female athletes (8.6%) and the 'No/Mild PMS' group of 154 female athletes (88.5%).
14 The rates of PMDD and moderate-to-severe PMS in the current study population were the same as those in the collegiate athletes population (p=0.596 by Mann-Whitney's U test). It may be possible that premenstrual symptoms in collegiate athletes have been disturbing their athletic performance since high school. Dysmenorrhoea is the commonest disease among adolescent girls, and clinicians tend to focus only on dysmenorrhoea and underestimate PMS/ PMDD. Our data showed the high prevalence rate of menstrual pain in athletes, but premenstrual symptoms disturbed their athletic performance more severely than menstrual pain. It is important to give proper attention to PMS/PMDD in younger women. Our data showed that the incidence of stress fracture in female athletes with regular menstrual cycles was 16.8%. It is well established that the female athlete triad is a significant risk factor for stress fractures in female athletes. For this reason, there have been no previous studies about stress fractures in female athletes with regular menstruation. It is difficult to compare our data with other data in similar populations.
The pathogenic mechanism of stress fractures is thought to involve microdamage to the bone caused by repetitive mechanical loads that go beyond the biological capacity of the bone. Multivariate analysis revealed that 'Weekly training duration' was correlated with an increased risk of stress fractures. It stands to reason that longer training times increase the risk of developing stress fractures. A prospective study reported that the hours per week of participation in sports could be a risk factor for stress fracture in adolescent females. 21 Our data on 'Weekly training duration' were in accordance with this. Our data showed a relationship between stress fracture and premenstrual physical symptoms in athletes. Water retention symptoms, especially oedema, may disturb the motion of athletes. Physical activity induces excessive breast motion and resulting in breast pain, 22 and PMS worsens pre-existing mastalgia and further disturbs the motion of athletes. These symptoms will also be exacerbated by athletic behaviour and athletes feel much more load. One previous report demonstrated that women with PMS had a significantly greater postural sway than women without PMS. 16 It may be possible that disturbed motion by premenstrual physical symptoms caused gawky movement and placed an unnecessary burden on athletes' bone. Accordingly, physical symptoms of PMS possibly contribute to the higher risk of stress fracture.
Multivariate analysis also revealed that 'Restriction of body weight' showed an increased risk of stress fractures in athletes with regular menstruation. 'Restriction of body weight' will lead to energy insufficiency and trigger menstrual dysfunction. It should be noted that 'Restriction of body weight' could be an independent risk factor for stress fractures without ovarian insufficiency. Energy insufficiency could induce chronic malnutrition and result in bone deterioration. 8 The female athlete triad and its negative effects on bone health has been well recognised through research, but most female high school athletes still remain unfamiliar with this relationship. 23 Our data showed that the severity of 'Overeating or food cravings' with previous stress fractures were much higher than those of without a history of stress fracture. Energy insufficiency and biased nutrition leads to a lowering in bone mineral density. 10 Along with an adequate energy intake, a variety of micronutrients in the diet is also important. Calcium and vitamin D are the most important micronutrients for bone mass. Of note, it has been reported that both factors are dysregulated in patients with PMS/PMDD. 24 25 It may be possible that inadequate intake of calcium and vitamin D in patients with PMS/PMDD affects their bone health. Our data further emphasised the paramount importance of nutrition in bone health.
Our study had several limitations. The main limitation was that the study was of a cross-sectional design. It was impossible to determine causality whether these risk factors were a cause or effect of stress fracture. Based on the results of this study, we are now studying the relationship between stress fracture and PMS/PMDD by using cohort data in a prospective setting. Longitudinal evaluation of these students will enable us to clarify the causal links between stress fracture and PMS/PMDD. The second limitation was that all our data were based on self-reporting; therefore, the study was susceptible to recall bias. The third limitation was that this study was conducted only in Japan. It is possible that our data may not be applicable to other countries. The proportion of students in the third year was low in our study. This could be explained by the fact that school entrance examinations are extremely difficult in Japan, so most students give up their club activity in their third year. The further limitation was that we have only checked the history of stress fracture by self-reported of data and a detailed description such as location and age at onset was lacking. We could not exclude the possibility that the self-reported stress fractures were caused by traumatic accidents. To collect more accurate information as far as possible, we took a history of stress fractures diagnosed by medical doctor. Despite these limitations, the findings from our study have several strengths. We analysed the data from female athletes who participated in authorised high school sports clubs and not elite athletes. This will increase the generalisability of the study in this population. In addition, we collected data from female athletes with regular menstruation. This will enable the evaluation of PMS/PMDD status precisely.
Research into female athletes has focused on menstrual dysfunction, so ovulation-induced PMS/PMDD symptoms have been generally overlooked. After overcoming the female athlete triad, PMS/PMDD could be a major health concern in female athletes. Our previous data showed that almost half of the athletes felt a negative effect of PMS/ PMDD symptoms on their performance. 14 15 Moreover, our data suggested that premenstrual symptoms may increase the risk of stress fractures in female athletes. Further research using intervention for PMS/PMDD is warranted to confirm their importance for the health of female athletes.
To the best of our knowledge, this is the first study on the relationship between the symptoms of PMS/PMDD and stress fractures in athletes. Premenstrual symptoms disturbed social life activity and athletic performance more severely than menstrual pain. The incidence of stress fracture in female athletes with regular menstrual cycles was 16.8%. 'Restriction of body weight', 'Weekly training duration' and 'Physical symptoms of PMS' were associated with an increased risk of stress fractures. We should monitor premenstrual symptoms for both athletic performance and stress fractures.
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